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INTRODUCTION
The Planetary Biology Program,within the Office of Space
Science of the National Aeronautics and Space Administration,
is the first and only integrated program to methodically in-
vestigate the planetary events which may have been responsible
for, or related to, the origin, evolution, and distribution of
life in the universe. Research supported by this program is
divided into the seven areas listed below together with a
statement of the principal objective of each research area.
Chemical Evolution - To understand how biologically signif-
icant organic molecules are synthesized under conditions presumed
to have existed on the primitive earth before the advent of life
or which may presently exist on other planets.
Organic Geochemistry - To analyze terrestrial and extra-
terrestrial material for organic molecules, biological structures,
and other clues to the origin(s) of life on this and other
planets.
Life Detection - To develop and implement techniques to
search for, detect, and characterize life and life-related
molecules on this and other planets.
Biological Adaptation - To understand the adaptive mechanisms
used by terrestrial organisms to survive and/or grow in environ-
mental extremes approaching those on other planets.
Bioinstrumentation - To design, develop, and test prototype
spaceflight instruments which will be used to detect and
characterize life and life-related molecules on the surface and
in the atmosphere of other planets.
Planetary Environments - To develop analytical techniques
which measure environmental parameters on other planets which
are relevant to the search for life.
Origin of Life - To identify the sequence of events leading
from the putative complex organic milieu in the primordial
terrestrial oceans to the origin of the first living systems.
The arrangement of references in *Jiis bibliography follows
the division of research described. Articles are listed
alphabetically by author under the research area with which
they are most closely related. Only those publications which
resulted from research supported by the Planetary Biology
Program and which bear a 1976 publication date have been
included. Abstracts, theses, and presentations are not included
because of the preliminary and abbreviated nature of the former
and the frequent difficulty of obtaining the latter.
Our intent in compiling this bibliography is twofold.
First, we would like to provide the scientific community with
an annual listing, beginning with 1975, of current publications
resulting from research pursued under the auspices of NASA's
Planetary Biology Program. Secondly, we hope to stimulate the
exchange of information and ideas among scientists working in
the different areas of the program. To facilitate the exchange
process, we have identified, by asterisk, the author of each
publication who is presently participating in the program.
Current addresses for all principal investigators are given in
the appendix.
We wish to thank all the participants of the Planetary
Biology Program for their cooperative response to our request
for an enumeration of their 1976 publications.
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Biemann,* K., J. Oro, P. Toulmin, III, L.E. Orgel,
A.O. Nier, D.M. Anderson, P.G. Simmonds, D. Flory,
A.V. Diaz, D.R. Rushneck, and J.E. Biller, 1976.
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in two surface samples from the Chryse Planitia
region of Mars. Science 194: 72-76.
Biemann,* K., T. Owen, D.R. Rushneck, A.L. LaFleur, and
D.W. Howarth. 1976. The atmosphere of Mars near the
surface: Isotope ratios and upper limits on noble
gases. Science 194: 76-78.
Bonner,* W.A. and P.R. Kavasmaneck. 1976. Asymmetric
adsorption of DL-alanine hydrochloride by quartz.
Journal of Organic Chemistry 41: 2225.
Bonner,* W.A., M.A. Van Dorfe, and M.R. Yearian. 1976.
Asymmetric degradation of DL-leucine with longitudin-
ally polarized electrons; Reply. Nature 264: 197-198.
Dromey, R.G., M.J. Stefik, T.C. Rindfleisch, and A.M.
Duffield. 1976. Extraction of mass spectra free of
background and neighboring component contributions
from gas chromatography/mass spectrometry data.
Analytical Chemistry 48: 1368-1375.
Ehrlich,* S.D., H. Bursztyn-Pettegrow, I. Stroynowski,
and J. Lederberg. 1976. Expression of the thymidy-
late synthetase 'gene of the Bacillus subtilis
bacteriophage Phi-3-T in Escherichia coli. Proceed-
ings of the National Academy of Sciences USA, Washington,
D.C. 73: 4145-4149.
Folsome,* C.E. 1976. Synthetic organic microstructures
and the origins of cellular life. Die Naturwissenschaf-
ten 63: 303-306.
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Hobo, T. 1976. The search for extraterrestrial life—
Utilization of GC and MS. Bunseki, 212.
Holzer, G., J.Oro*, and W. Bertsch. 1976. Ga's chromato-
graphic-mass spectrometrie evaluation of exhaled
tobacco smoke. Journal of Chromatography 126: 771-785.
Hong, J.H., H.J. Pownall, and R.S. Becker.* 1976. The
spectroscopy and photochemistry of enaminonitriles
including the synthesis and identification of Cis-B-
aminoacrylonitrile. Photochemistry and Photobiology
24: 217-222.
Hulshof, J. and C. Ponnamperuma.* 1976. Prebiotic
condensation reactions in an aqueous medium: A review
of condensing agents. Origins of Life 7: 197-224.
Jungclaus, G.A., G.U. Yuen, C.B. Moore, and J.G. Lawless.*
1976. Evidence for the presence of low molecules
weight alcohols and carbonyl compounds in the Murchison
meteorite. Meteoritics llj 231-237.
Kenyon,* D.H. and A. Nissenbaum. 1976. Melanoidin and
aldocyanoin microspheres: Implications for chemical
evolution and early Precatnbrian micropaleontology.
Journal of Molecular Evolution 7: 245-251.
Klein,* H.P., N.H. Horowitz, G.V. Levin, V.I. Oyama,
J. Lederberg, A. Rich, J.S. Hubbard, G.L. Hobby,
P.A. Straat, B.J. Berdahl, G.C. Carle, F.S. Brown.,
and R.D. Johnson. 1976. The Viking biological investi-
gation:. Preliminary results. Science 194: 99-105.
Klein,* H.P., J. Lederberg, A. Rich, N.H. Horowitz, V.I.
Oyama, and G.V. Levin. 1976. The Viking mission
search for life on Mars. Nature 262: 24-27.
Kornberg, A., B.L. Horecker, L. Cornudella, and J. Oro,*
eds. 1976. Reflections on Biochemistry. Pergamon
Press, New York.
Lee, C., J.L. Bada, and E. Peterson.* 1976. Amino acids
in modern and fossil woods. Nature 259: 183-186.
^Ponnamperuma, C., Principal Investigator
Levinthal, .C. and P.O. Huck. 1976. Multispectral and
stereo imaging on Mars. in "Astronautical Research
1976 - A. New Era of Space Transportation," Pergamon
Press, New York. Proceedings of the XXVII International
Astronautical Congress, Anaheim, California.
Loew, G.H., R.F, Kirchner, and J.G. Lawless.* 1976.
Application of molecular orbital theory to the inter-
pretation of mass spectra. Study of substituent effect
on a series of acetophenones. Organic Mass Spectrometry
11: 1158-1167.
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Lohrmann, R. 1976. Formation of nucleoside S'-polyphos-
phates under potentially prebiological conditions.
Journal of Molecular Evolution 8: 197-210.
Miller,* S.L., H.C. Urey, and J. Oro. 1976. Origin of
organic compounds on the primitive earth and in the
meteorites. Journal of Molecular Evolution 9: 59*-72.
Mutch,* T.A., R.E. Arvidson, P. Aurin, A.B. Binder, P.O.
Huck, E.G. Levinthal, S.Liebes, jr., E.G. Morris, J.B.
Pollack, C. Sagan, and R. Saunders. 1976. The surface
of Mars: The view from the Viking 2 lander. Science
194: 1277-1283.
Mutch,* T.A., R.E. Arvidson, A.B. Binder, F.O. Huck,
E.G. Levinthal, S. Liebes, Jr., E.G. Morris, D. Nummedal,
J.B. Pollack, C. Sagan. 1976.
observations with the Viking 1
194: 87-91.
Fine particles on Mars:
lander cameras. Science
Mutch,*.T.A., A.B. Binder, F.O. Huck, E.G. Levinthal,
S. Liebes, Jr., E.G. Morris, W.R. Patterson, J.B.
Pollack, C. Sagan, *G.R. Taylor. 1976. The surface
of Mars: The view from the Viking 1 lander. Science
193: 791-801.
1Lederberg, J., Principal Investigator
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Orgel, L.E., Principal Investigator
Negron-Mendoza, A. and C. Ponnamperuma.* 1976. Formation
of Biologically relevant carboxylic acids during the
gamma irradiation of acetic acid. Origins of Life 7:
191-196.
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Closed system Fischer-Tropsch synthesis over meteoritic
iron, iron ore and nickel-iron alloy. Geochimica et
Cosmochimica Acta 40: 915-924.
Odom, D.G., J.T. Brady, and J. Oro.* 1976. The prebiotic
synthesis of deoxythymidine oligonucleotides. III.
Acid Salt Reactions. Journal of Molecular Evolution
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Oro,* J. 1976. Prebiological chemistry and the origins
of life. A personal account. IN: Kornberg, A.,
B.L. Horecker, L. Cornudella, and J. Oro, eds. Reflec-
tions on Biochemistry in Honour of S. Ochoa. Pergamon
Press, New York.
Oro,* J. and E. Stephen-Sherwood. 1976. Abiotic origin
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Giant Planets. Academic Press, New York.
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Ponnamperuma,* C. 1976. Organic synthesis in a simulated
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Chemical Evolution of the Giant Planets. Academic
Press, New York.
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biology of the atmosphere of the planet Jupiter.
Icarus 29: 321-328.
Prinn, R.G. and T. Owen.* 1976. Chemistry and spectro-
scopy of the Jovian atmosphere. IN: Gehrels, T., ed.,
Jupiter. University of Arizona Press, Tucson, Arizona.
Sagan,* C. 1976. Detection times and number densities
of rare mobile organisms: Application to Loch Ness.
Nature 264: 497.
Sagan,* C. and J. Lederberg. 1976. The prospects for
life on Mars: A pre-Viking assessment. Icarus 28:
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Sagan,* C. and E.E. Salpeter. 1976. Particles, environ-
ments and possible ecologies in the Jovian atmosphere.
The Astrophysical Journal Supplement Series 32:
737-755.
Schoffstall, A.M. 1976. Prebiotic phosphorylation of
nucleosides in formamide. Origins of Life 7: 400-412.
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Simoneit, B.R., D.H. Smith and G. Eglinton. 1976.
Application of real-time mass spectrometric techniques
to environmental organic geochemistry. I. Computerized
high resolution mass spectrometry and gas chromatography-
low resolution mass spectrometry. Archives of Environ-
mental Contamination and Toxicology 3; 385-409.
•'•Ponnamperuma, C., Principal Investigator
2Lederberg, J., Principal Investigator
Sweeney, M..A., A.P. Toste, and c. Ponnamperuma.* 1976.
Formation of amino acids by cobalt-60 irradiation of
hydrogen cyanide solutions. Origins of Life 7:
187-189.
West, M.W., R.A. Koch, and S. Chang.* 1976. Chemical
evolution and the origin of life, bibliography supple-
ment 1974. Origins of Life 7: 75-85.
Young, R.S. 1976. The origin and evolution of the
Viking mission to Mars. Origins of Life 7: 271-272.
Young, R.S. 1976. Viking on Mars: a preliminary
survey. American Scientist 64: 620-627.
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Organic Geochemistry
Awramik, S., L. Margulis, and E. Barghoorn.* 1976.
Evolutuionary processes in the formation of stromatol-
ites. IN: M. Walter, ed., Stromatolites. Elsevier
Scientific Publishing Company, Amsterdam.pp 149-162.
Bandurski, E.L. and B. Nagy.* 1976. The polymer-like
organic- material in the Orgueil meteorite. Geochimica
et Cosmochimica Acta 40:1397-1406.
Brooks, P.W., G. Eglinton, S.J. Gaskell, J.R. Maxwell,
D.J.-McHugh, and R.P. Philip. 1976. Lipids of recent
sediments. Part I: Straight-chain hydrocarbons and
carboxylic acids of some temperate lacustrine and
sub-tropical lagoonal/tidal flat sediments. Chemical
Geologist 18: 21-38.
Burlingame,*A.L., B.J. Kimble, and P.J. Derrick. 1976.
Mass spectrometry. Analytical Chemistry Fundamental
Reviews 48(5): 368R-403R.
Burlingame,*A.L., B.J. Kimble, E.S. Scott, F.C. Walls,
J.W. de Leeuw, B.W. de Lappe, and R.W. Risebrough.
1976. The molecular nature and extreme complexity
of trace organic constituents in southern California
municipal wastewater effluents. IN: Keith, L.H.,
ed. Identification and Analysis of Organic Pollutants
in Water, Ann Arbor Science Publishers, Ann Arbor,
Michigan.
Burlingame,*A.L., B.J. Kimble, E>S. Scott, D.M. Wilson,
M.J. Stasch, J.W. de Leeuw, and L.H. Keith. 1976.
The characterization of trace organic constituents
in petroleum refinery wastewater by capillary gas
chromatography/real-time high resolution mas spectro-
metry - A preliminary report. IN: Keith, L.H., ed.
Identification and Analysis of Organic Pollutants
in Water, Ann Arbor Science publishers, Ann Arbor,
Michigan.
M. Calvin, Principal Investigator
Cardosa, J., P. Brooks, G. Eglinton, R. Goodfellow, J.R.
Maxwell, and R.P. Philip. 1976. Lipids of recently-
deposited algal mats at Mormona, Baja California. IN:
Nriagu, ed. Environmental Biogeochemistry, Ann Arbor
Science Publishers, Ann Arbor, Michigan. 149-174.
Cronin,*J.R. and C.B. Moore. 1976. Amino acids of the
Nogoya and Mdkoia carbonaceous chondrites. Geochimica
et Cosmochimica Acta 40: 853-857.
Des Marais, S.J. and J.M. Hayes.* 1976. A tube-cracker
for opening glass-sealed ampoules under vacuum.
Analytical Chemistry 48: 1651-1652.
Games, L.M. and J.M. Hayes.* 1976. Isotopic and
quantitative analysis of the major carbon fractions
in natural water samples. Analytical Chemistry
48: 130-135.
Games, L.M. and J.M. Hayes.* 1976. On the mechanisms
of CC>2 and CH4 production in natural anaerobic
environments. IN: Nriagu, J.O., ed. Environmental
Biogeochemistry. Ann Arbor Science Publishers, Ann
Arbor, Michigan, pp. 51-73.
Golubic, S. and E. Barghoorn.* 1976. Interpretation
of microbial fossils with special reference to the
Precambrian. Recent Research on Fossil Algae,
Springer-Verlag, Heidelberg.
ishiwatari, R., M. Ishiwatari, I.R. Kaplan,* and E.G.
Rohrback. 1976. thermal alteration of young kerogen
in relation to petroleum genesis. Nature 264: 347-349.
Jungclaus, G., J.R. Cronin,* C.B. Moore, and G.U. Yuen.
1976. Aliphatic amines in the Murchison meteorite.
Nature 261: 126-128.
Matthews, D.E. and J.M. Hayes.* 1976. Systematic
errors in GCMS isotope ratio measurements. Analytical
Chemistry 48: 1375-1382.
Nagy, B. 1976. Organic chemistry on the young earth:
evolutionary trends between^-^SOO m.y. and^>>2,300
m.y. ago. Die Naturwissenschaften 63: 499-505.
M. Calvin, Principal Investigator
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Nagy,*B. and L.A. Nagy. 1976. Interdisciplinary search
for early life forms and for the beginning of life
on earth. Interdisciplinary Science Reviews 1: 291-310.
Pardue, J.W., R.S. Scalan, C. Van Baallen, and P.L. Parker.*
1976. Maximum carbon isotope fractionation in photo-
synthesis by blue-green algae and a green alga. Geo-
chimica et Cosmochimica 40: 309-312.
Philp, R.P. and M. Calvin.* 1976. Kerogen structures
- -in recently-deposited algal mats at Laguna Mormona,
Baja California; A model system for the determination
of kerogen structures in ancient sediments. IN:
Nriagu, J.O., ed. Environmental Biogeochemistry,
pp 131-148.
Philp, R.P. and M. Calvin.* 1976. Possible origin for
insoluble organic (kerogen) debris in sediments from
insoluble cell-wall materials of algae and bacteria.
Nature 262; 134-136.
Schopf, J.W. 1976. Are the oldest "fossils," fossils?
Origins of Life 7: 19-36..
Schopf, J.W. 1976. Evidence of Archaean life: a brief
appraisal. IN: Windley, B.F., ed. fhe Early History
of the Earth. John Wiley and Sons, New York,pp 589-593.
Schopf,*J.W. and Yu K. Sovietov. 1976. Microfossils
in Conophyton from the Soviet Union and their bearing
on Precambrian biostratigraphy. Science 193: 143-146.
Simoneit, B.R.T. Sources of the solvent-soluble organic
matter in the glacial sequence of DSDP samples from
the Norwegian-Greenland sea, Leg 38. 1976. Initial
Reports of the Deep Sea Drilling Project, Vol XXXVIII,
U.S. Government Printing Office, Washington, DC.
11
von Unruh, G.E. and J.M. Hayes.* 1976. Intramoleculai
distribucion of carbon isotopes in fatty acids., IN:
Klein, E.R. and P.D. Klein, eds. Proceedings of the
Second International Conference on Stable Isotopes,
Oak Brook, Illinois. US ERDA Conference 751027.
National Technical Information Service, U.S. Department
of Commerce, Springfield, Virginia.
Wilson, D.M., A.L. Burlingame,* T. Cronholm, and J.
Sjovall. 1976. H and C tracer studies of ethanol
metabolism by Fourier trans-form ^^ C(^ H, ^H) NMR differ-
ence spectroscopy. IN: Klein, E.R. and P.D. Klein,
eds. Proceedings of Second International Conference
on Stable isotopes, Oak Brook, Illinois. US ERDA
Conference 751027. National Technical Information
Service, U.S. Department of Commerce, Springfield,
Virginia.
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Life Detection
Casida,*L.E., Jr. 1976. Continuously variable amplitude
contrast microscopy for the detection and study of
microorganisms in soil. Applied and Environmental
Microbiology 31(4): 605-608.
Casida,*L.E., Jr. 1976. Leeuwenhoek1s observation of
bacteria. Science 192(4246): 1348-1349.
Klein,*H.P., N.H. Horowitz, G.V. Levin, V.I. Oyama,
J. Lederberg, A. Rich, J.S. Hubbard, G.L. Hobby,
P.A. Straat, B.J. Berdahl, G.C. Carle, F.S. Brown,
and R.D. Johnson. 1976. The Viking biological
investigation: Preliminary results. Science 194
(4260): 99-105.
Klein,*H.P., J. Lederberg, A. Rich, N.H. Horowitz,
V.I. Oyama, and G.V. Levin. 1976. The Viking
mission search for life on Mars. Nature (London),
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Environmental Microbiology 31(4): 551-561.
Levin,*G.V. and P.A. Straat. 1976. Labeled release -
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Levin,*G.V. and P.A. Straat. 1976. Water on Mars and
the Viking biology experiment. Proceedings of the
Colloquium on Water in Planetary Regoliths, Dartmouth
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Martin, J.P., B. Kok.* and R. Radmer.1976. A versatile
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ment. 14th Aerospace Sciences Meeting. American
institute of Aeronautics and Astronautics, New York.
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